Using ERA-40 and NCEP/NCAR reanalysis data, the characteristics of major teleconnection patterns were examined, particularly the West Asia-Japan (WJ) and Pacific-Japan (PJ) patterns, with a highfrequency (HF) component (from half a week to two or three weeks), and a low-frequency (LF) component (greater than about one month), and discussed the combined effects of the teleconnection patterns on the anomalous summer weather in Japan and the surrounding regions.
Introduction
It is a prerequisite to clarify the behavior of teleconnection patterns to properly understand the mechanisms of extraordinary summer weather in Japan and explore its potential predictability. Since the group velocities of stationary Rossby waves are eastward, the origins of the teleconnection patterns that can influence anomalous summer weather in Japan are located to the far west of Japan. There are three major routes for the eastward propagation of the stationary Rossby waves because three waveguides link the wave source regions with Japan and the surrounding regions, i.e., a polar front jet over northern Eurasia, an upper-level subtropical jet (Asian jet) over the Tibetan Plateau, and low-level monsoon westerlies induced by the Asian summer monsoon system. The first teleconnection pattern propagating along the polar front jet contributes to the appearance and development of the Okhotsk High, affecting the anomalous summer weather in Japan (e.g., Wang 1992; Wang and Yasunari 1994; Nakamura and Fukamachi 2004) . The second pattern propagating along the Asian jet has been demonstrated by Terao (1998) , Krishnan and Sugi (2001) , Lu et al. (2002) , Wu and Wang (2002) , and Enomoto (2004) . Enomoto et al. (2003) called it the Silkroad pattern. Guan and Yamagata (2003) postulated that this Rossby wave-train was mainly responsible for the occurrence of the extreme hot summer of 1994. The third pattern, which emanates out of the vicinity of the Philippine Sea, and propagates northeastward along the low-level monsoon westerlies and mid-latitude westerlies, is well known as the Pacific-Japan (PJ) pattern (e.g., Nitta 1987; Kurihara and Tsuyuki 1987; Kawamura et al. 1996; Kosaka and Nakamura 2006) . The PJ pattern also has potential to cause extraordinary summers in Korea and Japan (e.g., Kawamura et al. 1998 Kawamura et al. , 2001 ). Wakabayashi and Kawamura (2004) inspected to what degree the above three teleconnection patterns (the Europe-Japan [EJ], the West Asia-Japan [WJ] , and the PJ patterns named by their study) are significantly related to the summertime temperature variations in Japan, and pointed out that the WJ and PJ patterns are most influential teleconnection patterns. It is probable that the occurrence of an extremely hot or cool summer is due to the appearance and maintenance of only one teleconnection pattern, whereas two or three teleconnection patterns may also cause extraordinary summers by their combination. However, few studies have highlighted the combined effects of the teleconnection patterns on the anomalous summer weather, and it is uncertain whether the combined effect is of central importance on intraseasonal and interannual timescales.
The previous studies on the PJ and WJ patterns have already been done on a monthly basis, whereas there are few studies that focused on the variabilities of those patterns with a sub-monthly timescale. Thus it would be meaningful to divide the overall variability into two simple periodicities greater and less than one month, and then make comparisons between high-frequency and low-frequency patterns. Temperature variations in the vicinity of Japan are also characterized by a sub-monthly timescale as well as month-to-month variability. It is quite possible that a teleconnection pattern, with a similar sub-monthly timescale, causes such a temperature variation.
The main objectives of this study are to: (1) examine the spatial structures of the teleconnection patterns, especially the WJ and PJ patterns, on sub-monthly, intraseasonal and interannual timescales, and (2) investigate how the combined effects of the two patterns contribute to anomalous summer weather in Japan. Section 2 describes the data used and analysis procedures. In Sections 3 and 4, we document the spatial structures of the WJ and PJ teleconnection patterns, and then examine the dynamic impacts of the two patterns on the summertime temperature field in the vicinity of Japan. Section 5 demonstrates the combined cases in the 2004 hot summer. A concluding summary of the results is given in Section 6.
Data used and analysis procedures
Datasets used in this study include: (1) the European Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis (ERA-40) data, with a spatial resolution of 2.5 longitude by 2.5 latitude for the 1958-2001 period, (2) the National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis data, with a spatial resolution of 2.5 longitude by 2.5 latitude for the 1975-2004 period, and (3) daily mean surface temperature data derived from the Japan Meteorological Agency (JMA) fifteen observational stations. The ERA-40 data is used for composite analyses, while the NCEP/ NCAR data is used for case studies of the year 2004. The JMA observational stations used for this study are divided into three regions: northern Japan (Abashiri, Nemuro, Suttsu, Yamagata, and Ishinomaki), eastern Japan (Fushiki, Nagano, Mito, Iida, and Choushi), and western Japan (Sakai, Hamada, Hikone, Tadotsu, and Miyazaki), as shown in Fig. 1 . The JMA uses these stations to compute mean temperatures throughout Japan.
According to Wakabayashi and Kawamura (2004) indicate the geopotential height anomalies at the 200-and 850-hPa levels, respectively. The grid points selected in these indices are the centers of actions. In this study, we used the daily mean geopotential height during summer (June to August) derived from the ERA-40 to compute those teleconnection indices for the 1958-2001 period. By applying a combination of two simple low-pass filters (the 3-day weighted running average and 31-day running average) to the daily data, we first partitioned total variations into a highfrequency (HF) component (from half a week to two or three weeks) and a low-frequency (LF) component (greater than about one month). The annual cycle is omitted in the LF component, using the climatology of 1958-2001. The LF component contains part of the intraseasonal variability, but it is largely dependent on the interannual variability. Second, we computed the standard deviation ðsÞ of the filtered indices and then defined a period exceeding þ1.5 s and þ1.0 s as an event in which a teleconnection pattern predominates on the HF and LF components, respectively. For the HF component, we constructed composite maps for the geopotential height, rainfall, and other variables in each month. The number of events obtained from the WJ index is 24, 29, and 21 for June, July, and August, respectively, whereas the number of PJ events is 19, 26, and 31 for June, July, and August, respectively. In this study, we demonstrate the July results only as a representative of the summer months because similar results are obtained for other months. On the other hand, all summer months are used for the composite analysis with regard to the LF component, because its periodicity is over a month. The number of events extracted by the WJ and PJ indices is 16 and 10, respectively. Here, day 0 denotes the peak day of the WJ and PJ indices. Figure 2 shows the spatial patterns of the WJ teleconnection patterns with the HF (left panels) and LF (right panels) components. For convenience, the WJ patterns appearing on the HF and LF components are named the HF-WJ and LF-WJ patterns, respectively. The upper panels reveal the composite maps of 200-and 850-hPa geopotential height anomalies on day 0, whereas the lower panels indicate the composite maps of the rainfall and 200-hPa geopotential height anomalies on the same day. The wave activity flux defined by Takaya and Nakamura (2001) is also exhibited at the 200-hPa level for the HF component only. As expected, Sato and Takahashi (2006) . The LF-WJ pattern also has a very similar structure, although a negative 200-hPa height anomaly south of Lake Baikal is small compared to that of the HF-WJ. A barotropic structure around the Japan Sea is a significant feature common to the two patterns. In contrast, one of the different features between the two is that the baroclinic structure with a negative height anomaly at 850-hPa over the Arabian Sea, and southwest Asia, is much more evident in the LF-WJ than the HF-WJ. As for the LF-WJ pattern, this baroclinic structure, accompanied by enhanced monsoon rainfall in South Asia, suggests that anomalous convective heating over the Asian summer monsoon region is related to the LF-WJ pattern (e.g., Krishnan and Sugi 2001; Guan and Yamagata 2003) , whereas, in the HF-WJ pattern, no significant positive rainfall anomalies are seen over the Indian subcontinent. This implies that the HF-WJ pattern has no intimate association with the Asian summer monsoon activity. The spatial patterns of the PJ teleconnection patterns with the HF (left panels) and LF (right panels) components are indicated in Fig. 3 . In a similar fashion, the PJ patterns appearing on the HF and LF components are named the HF-PJ and LF-PJ patterns, respectively. The upper panels reveal the composite maps of 850-and 200-hPa geopotential height anomalies on day 0, whereas the lower panels indicate the composites of rainfall, and 850-hPa geopotential height anomalies on the same day. In this case, the wave activity flux is exhibited at the 850-hPa level for the HF component only. A look at the HF-PJ pattern demonstrates that an extratropical wave-train structure prevails from the north of the Philippines through the central North Pacific. Appreciable northward wave activity fluxes are observed from the north of the Philippines to the vicinity of Japan, and northeastward and/or eastward fluxes are then evident along the great circle over the North Pacific. A negative height anomaly at 850-hPa north of the Philippines is in conjunction with a positive rainfall anomaly. These features support the idea that the HF-PJ pattern can be identified with a stationary Rossby wave train, primarily induced by anomalous convective heating over the Philippine Sea. Compared with the PJ pattern found by Nitta (1987) , the geographical location of this pattern shifts somewhat eastward.
Spatial structures of teleconnection patterns
The LF-PJ pattern is very similar to the HF-PJ pattern in terms of the configuration of the wave-train structure. The transition from a baroclinic structure in the vicinity of the Philippine Sea, to an equivalent barotropic structure over the central and eastern North Pacific, characterizes the vertical structure of the LF-PJ. Likewise, a positive height anomaly to the east of Japan has a poleward-tilt structure with height, which has already been pointed out by Kosaka and Nakamura (2006) , who demonstrated the vertical structure of PJ on a monthly basis. In contrast to the HF-WJ and LF-WJ patterns, the stimulation of both PJ patterns is closely related to the anomalous convective heating around the Philippine Sea because, in the HF and LF composite anomaly maps, similar positive rainfall anomalies are observed near the wave-source region. Kawamura and Ogasawara (2006) pointed out that the HF-PJ pattern is often triggered by typhoon-induced convective heating.
Dynamic impacts of teleconnection patterns

HF component
To examine the combined effect of the HF-WJ, and HF-PJ patterns on the summertime temperature field in the vicinity of Japan, cases in which the day À1, day 0, or day þ1 of WJ events coincides with the day 0 of PJ events during the summer (June to August) were selected, in order to increase the number of cases, and, as a result, extracted 9 events as a mixture of the two patterns. The averages of the normalized WJ and PJ indices on day 0 for the 9 events are þ1.68 and þ1.88, respectively. Note that HF-WJ is quite independent of HF-PJ, because the correlation between the two indices is À0.08. The upper panels of Fig. 4 show the composite maps (9 events) of filtered 200-hPa and 850-hPa geopotential height anomalies on day þ1 for a combination of the HF-WJ and HF-PJ patterns. The composite anomalies of rainfall are also revealed. As expected, the HF-WJ pattern prevails in the upper troposphere from central and southwest Asia through the North Pacific, while the HF-PJ pattern appears in the lower troposphere, from the north of the Philippines through the central North Pacific. A positive rainfall anomaly can be seen around Taiwan, which is consistent with the dominance of the PJ. As indicated in Figs. 2 and 3 , the HF-WJ pattern tends to induce an anomalous anticyclone over the Japan Sea, and the HF-PJ pattern develops an anticyclonic anomaly to the east of Japan. A combination of these patterns establishes a zonally elongated anticyclonic anomaly over northern Japan, especially in the upper troposphere (see Fig. 4a ). These anomalous features may be regarded as the eastward expansion of the Tibetan High at the upper level, and the westward extension of the North Pacific High (or the intensification of the Bonin High) at the lower level. Figure 4c reveals the composite map of the filtered 1000-hPa temperature, and its anomaly on day þ1 along with the 1000-hPa wind vector anomaly. An anomalous anticylonic circulation is present in the vicinity of Japan, and a noticeable hightemperature anomaly covers northern Japan on the northern side of the anomalous circulation.
Using five JMA meteorological observation stations in the northern part of Japan, the composites of surface temperature anomalies from day À5 to day þ5 are shown in the last panel of Fig. 4 . The composite temperature anomalies for WJ-PJ coupling, WJ only, and PJ only, are shown by a thick line, a thin line, and a dashed line, respectively. Here, the number of WJ-and PJ-single events used for the composite is 46 and 52, respectively. In these single teleconnection cases, the mean values of the normalized WJ and PJ indices on day 0 are þ1.93 and þ2.02, respectively. To compare these three relative impacts on the summertime temperatures in northern Japan, the composite temperature anomaly values of the WJ-and PJ-single cases are changed to scale on the basis of the WJ-PJ coupling case, considering the average of a normalized teleconnection index at each event extracted. In the case of the WJ-PJ coupling, the surface temperature increases up to about 1.7
C from day À5 to day þ1. The rate of the temperature change is large. In the WJ-only case, on the other hand, a composite anomaly of temperature is þ0.6 C on day þ1. In the PJonly case, its anomaly magnitude is þ0.5 C on day þ3. The combination of the WJ and PJ patterns brings about a larger temperature increase in northern Japan than one teleconnection pattern only. In a similar fashion, temperature variations in eastern and western Japan are examined, but, as can be inferred from Fig. 4c , the combined effect of the two patterns on the temperature variations in those regions is not very clear when compared to that in northern Japan. The combined effect appears to be more efficient in the northern part of Japan.
LF component
As stated previously, the composite maps of the LF-WJ and LF-PJ patterns were constructed using 16 and 10 events, respectively. Since the number of these events is smaller than that in the HF component, it is difficult to find any statistical features of the WJ-PJ coupling, as shown in Fig. 4 . In this subsection, we thus show the individual effects of the LF-WJ and LF-PJ on the summertime temperature field around Japan, and also present a typical case of the WJ-PJ coupling on the LF component.
The upper and middle panels of Fig. 5 present composite maps of filtered 500-and 1000- Fig. 5 . Anomalous features in the vicinity of Japan for the LF-WJ (left panels) and LF-PJ (right panels) teleconnection patterns. The upper and middle panels are the composite maps of filtered 500-and 100-hPa geopotential height anomalies on day 0, respectively. The lower panels are the composite maps of filtered 1000-hPa temperature (contour) and its anomaly (shade) on day 0. The 1000-hPa wind vector anomaly is also shown. The reference arrow is 2 m s À1 .
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T. OGASAWARA and R. KAWAMURAhPa geopotential height anomalies on day 0, respectively, with respect to the LF-WJ and LF-PJ. A distinctive anomalous anticyclone at 500-hPa is located just over the Japan Sea in the LF-WJ case, although only a weak positive anomaly is observed at near-surface level around Japan. In the LF-PJ case, an anomalous anticyclone at 500-hPa is centered to the east of northern Japan, and also at 1000-hPa a significant positive anomaly is similarly dominant. The lower panels of this figure are the composite maps of filtered 1000-hPa temperature, and its anomaly on day 0, along with a 1000-hPa wind vector anomaly. The overall patterns of near-surface temperature anomalies are similar to those in Fig. 7 of Wakabayashi and . As for the LF-WJ, high-temperature anomalies cover Korea, Japan, the Japan Sea, and the East China Sea, but another intriguing feature is that the magnitudes of the low-level circulation anomalies are considerably small, which is consistent with weak anomalies at the 1000-hPa geopotential height field (Fig. 5c ). Low-level circulation anomalies, related to the LF-PJ, in contrast, are pronounced in the vicinity of Japan. High-temperature anomalies concurrent with southerly anomalies are present to the east of northern Japan, where the north-south gradient of temperature is large, suggesting that the temperature increase in northern Japan is significantly attributed to northward temperature advection induced by a PJ-related anomalous anticyclone. According to Kawamura et al. (2001) , and Ueda and Kawamura (2004) , the PJ-related anticyclone tends to induce a sea surface temperature (SST) anomaly there through decreased surface evaporation, and increased solar radiation. The increases in SST and solar radiation may also contribute to the temperature increase in northern Japan as additional factors. However, it is difficult to account for the WJ-related temperature increase, by the above-mentioned horizontal advective process, without significant circulation changes. In a similar way, the composite maps of the filtered 500-hPa vertical p-velocity, and 200-hPa velocity potential on day 0, are revealed in Fig. 6 . Composite anomalies for the LF-WJ show that subsidence anomalies extend zonally along the southern coast of Japan (Fig. 6a ), in conjunction with convergence anomalies at the upper level (Fig. 6c) . This acts toward the increase in temperature at the lower level. We, thus, anticipate that adiabatic heating, due to enhanced descending motion, may be important as a dynamic impact of the LF-WJ pattern. The enhanced subsidence leads to less cloud cover, and then increased incoming solar radiation. The increase in solar radiation can also bring about that in near-surface temperature (e.g., Yasunaka and Hanawa 2006) . As for the LF-PJ, in contrast, Japan and the surrounding regions are covered by an anomalous ascending motion, and upper-level divergence (Figs. 6b  and 6d ). These features indicate that the circulation anomalies associated with the physical processes in the near-surface temperature increase, are significantly different with each teleconnection pattern. If we focus on the tropics, WJ-related divergence anomalies at the 200-hPa level, are indicated over the South Asian summer monsoon regions, and PJ-related divergence anomalies cover the warm pool region of the western North Pacific. It turns out that the two patterns are intimately linked with anomalous monsoonal heating in these regions, which is consistent with Figs. 2d and 3d . Figure 7 displays a typical case of the LF-WJ and LF-PJ combination, seen in late August 1970. The peak values of the normalized LF-WJ and LF-PJ indices during the period are þ1.80 and þ1.35, respectively. At the 200-hPa level, a remarkably positive height anomaly amounting to about þ90 m is located around the Japan Sea and northern Japan, whereas another positive anomaly centered to the east of northern Japan, is seen at the 850-hPa level. The anomalous anticyclones at both levels have a zonally elongated structure, which resembles a combined pattern of HF-WJ and HF-PJ, as indicated in Fig. 4 . It is also observed that the predominance of LF-PJ is accompanied by a pronounced positive rainfall anomaly to the south of Japan. The Indian summer monsoon rainfall is also above normal. It is, thus, plausible that a typical combination of LF-WJ and LF-PJ occurred in late August 1970.
Combined cases in the hot summer of 2004
To further understand the combinations of teleconnection patterns, a typical case of the WJ-PJ coupling that occurred in June 2004 is presented. The 2004 summer was the hottest in Japan since 1994. Figure 8 shows the time Looking at the HF component, the HF-WJ index has a maximum on June 17, and, two days later, the HF-PJ index also reaches a positive peak. Both peak values are in excess of þ1.5. Japan experienced at least three hot periods, on a weekly scale from June to July. In northern Japan, the hot period around June 20 was most prominent in terms of the deviation from the climatological mean (not shown). The horizontal maps of the filtered 1000-hPa temperature, and its anomaly on June 17, 19, 21, and 23, along with the 1000-hPa wind vector anomaly are shown in Fig. 9 . It is obvious that warm temperature anomalies exceeding a value of þ1.5 C always cover northern Japan from June 19. In addition, these anomalies gradually migrate eastward, into the central North Pacific. On June 21 and 23, particularly anomalous southerlies were involved in the warm temperature anomalies over northern Japan, where the meridional temperature gradient is large, suggesting that warm advection from the south, to some extent, contributes to the temperature increase in that vicinity. Figure 10 shows the filtered 200-and 850-hPa geopotential height anomaly patterns on June 17, 19, 21, and 23. Wave activity fluxes calculated for the anomalous stream function fields, at both levels are also exhibited. On June 17, a wave-train pattern accompanied by eastward fluxes, which is identified with the HF-WJ, dominates the upper troposphere along the Asian jet, from the Asian continent to the central North Pacific. This wave train becomes obscure over the Pacific Ocean once on June 19, but another wave train migrates eastward across the central North Pacific again, from June 21. A positive height anomaly in the vicinity of Japan that is induced by the HF-WJ, moves slowly eastward across northern Japan. In the lower troposphere, conversely, a distinctive low pressure anomaly is observed to the south of Japan on June 17 and 19, corresponding to a typhoon. This anomalous low pressure, and a high-pressure anomaly east of Japan, compose an HF-PJ pattern. This phenomenon is consistent with the results of Kawamura and Ogasawara (2006) , who demonstrated that one or two typhoons, which are a synoptic-scale convective heat source over the western North Pacific, can stimulate a PJ teleconnection pattern. As the typhoon moves northward, an associated low-pressure anomaly expands near Japan on June 21, in conjunction with a wave train along the northern periphery of the North Pacific High. The wave train, with eastward fluxes on this day, is dynamically coupled with that at the upper level, indicating the signature of a barotropic Rossby wave train. It seems, thus, that the coupling of HF-WJ and HF-PJ, caused the hot period around June 20, particularly, in northern Japan.
We next examine the behavior of the LF-WJ and LF-PJ patterns during the summer of 2004. If we look at Fig. 8 again, the LF-PJ index continues to have high values, exceeding þ1 during June, suggesting that an important contribution of the LF-PJ to a monthly mean temperature field is evident in that month. In contrast, the LF-WJ index is relatively small. It is difficult to say that a combination of the LF-WJ and LF-PJ occurred during June. The LF-WJ index shows negative values from July to August, which is in contrast with the ex- tremely hot summer of 1994, when the LF-WJ index had values of about þ1 from late June to early August (not shown). Figure 11 shows the LF-filtered 200-and 850-hPa geopotential height anomaly patterns in mid-June, when the LF-PJ index is in excess of þ1.5, along with those patterns in late June and early July. The filtered rainfall anomalies are also shown. At the 850-hPa level, an LF-PJ pattern appears in mid-June in association with enhanced rainfall east of the Philippines. Another notable feature is the presence of a negative height anomaly around the Okhotsk Sea, composing a tripole pattern at low level, along with the LF-PJ. Although the LF-WJ pattern is obscure at the 200-hPa level, an EJ-like pattern (negative EJ) is seen over northern Eurasia, as an alternative teleconnection pattern. In particular, a wave train from the vicinity of the Okhotsk Sea, into the subtropics of the North Pacific is evident in mid-June. It is possible that an anomalous barotropic high centered to the east of Japan is induced by a combination of the LF-PJ and the barotropic Rossby wave train propagating southeastward from high latitudes, relevant to the negative EJ. After late June, such a wave-train structure in the high latitudes gradually dissipated, but an anomalous high over northern Japan persisted until around mid-July, although its anomaly continued to decay. We infer that the persistence of this anomalous high facilitates an extremely hot July.
The reversal of the above tripole pattern at the low level, which is a combination of a negative PJ and a positive EJ, appeared in the July mean geopotential anomaly field of 2003, when Japan experienced an extraordinarily cool sum- mer (not shown). Similar tripole patterns were often observed in extreme cases (e.g., 1980 and 1993) , of cool summers in the past. Thus, the tripole structure of the geopotential height anomalies is established by the coupling of the positive (negative) PJ, and negative (positive) EJ patterns. Arai and Kimoto (2006) extracted a tripole pattern as the leading mode of a summertime geopotential height anomaly field in East Asia. Their result suggests that there are some dynamic interactions between the PJ and EJ teleconnection patterns. Further studies are required.
Summary
Using ERA-40, and NCEP/NCAR reanalysis data, in this study, we focused on the characteristics of major teleconnection patterns, particularly the West Asia-Japan (WJ), and PacificJapan (PJ) patterns, with a high-frequency (HF) component (from one half of a week to two or three weeks), and a low-frequency (LF) component (greater than approximately one month), and examined how the combination of those teleconnection patterns plays an influential role in the anomalous summer weather in Japan and the surrounding regions.
The establishment of an anomalous barotropic anticyclone centered on the Japan Sea is a distinctive feature common to the HF-WJ, and LF-WJ patterns. The HF-WJ pattern has no intimate association with the Asian summer monsoon activity, but it is plausible, in contrast, that the LF-WJ pattern is correlated with anomalous convective heating over the summer monsoon region. On the other hand, both patterns of the HF-PJ and LF-PJ, which are closely related to intense convective heating around the Philippine Sea, induce a nearly barotropic anticyclone anomaly to the east of Japan. A combination of the HF-WJ, and HF-PJ patterns, generates a zonally elongated anticyclonic anomaly over northern Japan, especially in the upper troposphere, eventually bringing about anomalous high surface temperatures in northern Japan. Evidence has been provided in this study that such a coupling of the HF-WJ and HF-PJ results in a larger temperature increase in northern Japan than a single teleconnection pattern only. A typical case of the LF-WJ and LF-PJ combination also indicates zonally elongated anticyclonic anomalies, both in the upper and lower tropospheres in the vicinity of northern Japan, which resembles the combined pattern of HF-WJ and HF-PJ. The anomalous circulation patterns related to the near-surface temperature increase tend to be significantly different in each LF pattern. The dominance of the LF-WJ leads to an enhanced descending motion over Japan. The enhanced subsidence can cause adiabatic heating, and increased incoming solar radiation. On the other hand, a PJ-induced anomalous anticyclone may trigger northward warm advection to the east of northern Japan, where the northsouth gradient of temperature is large. As for the extremely hot summer of 2004, a coupling of HF-WJ and HF-PJ brought about the hot period around June 20, especially, in northern Japan. However, no combination of the LF-WJ and LF-PJ patterns was found during the summer. Alternatively, a tripole structure appeared in the lower geopotential height field in mid-June. Such a tripole pattern may be established by a combination of the LF-PJ and a barotropic Rossby wave train propagating southeastward from high latitudes, relevant to a negative Europe-Japan (EJ) pattern.
Although we highlighted the combined effect of the WJ and PJ patterns, different combinations of teleconnection patterns associated with the anomalous summer weather in Japan should be considered to further understand the possible mechanisms of extraordinary summer events. It is also a prerequisite to quantitatively estimate the dynamic impacts of the teleconnection patterns on the summertime temperature field around Japan on various timescales (synoptic to interannual timescales). The remaining question is why the HF and LF patterns have strong similarities in terms of configuration. The LF patterns may not be independent of the HF patterns. In other words, the modulations of the HF patterns due mainly to various low-frequency forcing, such as SST forcing, might create the LF patterns. These issues should be addressed in the near future.
